Phosphorus-31 nuclear magnetic resonance analysis of internal pH during photosynthesis in the cyanobacterium Synechococcus.
Phosphorus-31 nuclear magnetic resonance (31P NMR) spectra were obtained from actively photosynthesizing and darkened suspensions of the unicellular cyanobacterium Synechococcus. These spectra show intracellular resonances belonging to inorganic phosphate (Pi), a sugar phosphate (sugar-P), nucleotide di- and triphosphates, and poly-phosphates. The pH-dependent chemical shifts of Pi and sugar-P allowed the estimation of intracellular pH. When irradiated with high-intensity tungsten-halogen light (100 x 10(4) ergs . cm-2 . s-1, measured in the visible range), concentrated cell suspensions in the NMR spectrometer incorporated NaH14CO3 at approximately two-thirds the rate shown by a dilute suspension of cells at saturating light intensity. On the basis of NaH14CO3 incorporation, the effective light intensity obtained under NMR conditions would support growth at approximately one-fourth the maximum rate in dilute suspensions of cells. Irradiated cells maintained a cytoplasmic pH of 7.1--7.3 when exposed to an external pH from 6.4 to 8.3. At an external pH of 6.7, a darkness to light shift caused a 0.4 pH unit alkalinization of the cytoplasm. Treatment of cell suspensions with the uncoupler, carbonyl cyanide m-chlorophenylhydrazone (CCCP), in light or darkness, collapsed the internal pH to the level of the external pH. The results suggest a strong light- or energy-dependent buffering of the cytoplasm over a range of external pH. The study demonstrates that 31P NMR can be used to investigate intracellular events in an actively photosynthesizing microorganism.